Abstract. 2014 We present here the preliminary results of our calculations on the Cr2+ -X(0.839 eV lines) system in GaAs. These calculations show that it is necessary, in order to explain the zero field splitting, to introduce a strong trigonal field. The main points that are explained by the presence of a strong trigonal field are the reduction of the Jahn-Teller energy and the occurrence of vibronic lines labelled I and J. A spin Hamiltonian is also presented that explains the zero field fine structure and the line intensities.
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71.55 -78. 55 The chromium related luminescence lines at 0.839 eV in GaAs were originally interpreted as an internal transition (5E -+ 5T2) of an isolated Cr2+ ion. This interpretation has subsequently been shown to be incorrect [1] [2] [3] . White [1] proposed a model where the transition would be an exciton recombination at a chromium ion with C3v symmetry. In a previous paper [4] , hereafter referred to as paper I, we presented a model based on the analysis of the zero phonon fine structure [5] that gave the main characteristics of the centre. These characteristics are, at the present time, still in agreement with experimental results. These are : 1) internal transition of a chromium ion in C3v symmetry (5E* -+ 5E); 2) the 5 E ground state comes from a 5T2 state of Td symmetry;
3) the ground state Jahn-Teller energy is ~ 20 meV (2.2 Tiw) [4] and is due to the coupling with an e trigonal mode; 4) the fine structure of the 5E* state is well described in the framework of static crystal field, and 5) this model corresponds to two possible microscopic defects : either a Cr2 + ion on a gallium site coupled with a positively charged impurity or defect on an arsenic site, or a Cro interstitial coupled to a negatively charged impurity.
We consider that the first defect (Cr2 +-X) is the only possibility. The first reason is that recent calculations by Deleo et al. [6] showed that the crystal field splitting of interstitial chromium (CrO) in silicon should be very weak. It seems very likely that the same would be true for Cro in GaAs, since a Cr2 +-X defect should have a crystal field splitting close to that for isolated Cr2 + ( ~ 0.839 eV Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyslet:0198300440208500 compared to -0.820 eV). Secondly, the position of the energy level associated with the ground state of Cr2 +-X (0.6 eV above the valence band [4] ) is close to the position of the ground state of Cr2+ (0.75 eV above the valence band)* [4] . In this paper we intend to show and explain the similarities and differences between Cr 2 + (Td) and Cr2+ -X(C3v).
Eaves et al. [7] and Killoran [8] have shown that the symmetry of the centre is indeed trigonal using Zeeman experiments. Further work by Eaves et al. [9, 10] [12, 13] i) The vibration modes of the cubic case are not changed upon introduction of the trigonal impurity.
ii) The electronic perturbation only acts in the T2 subspace. iii) The centre is only coupled with an e mode (before introduction of the C3v perturbation). In other cases, especially if the isolated Cr2 + is coupled with a i2 mode, V 0 V'.
If the trigonal field is zero, we are in the isolated Cr2 + case and the ground vibronic state is 5T2
which is subject to a slow dynamic Jahn-Teller effect (considered as a « static » Jahn-Teller effect). The value of that energy, as estimated by different authors [15] [16] [17] , is thought to be close to 600 cm-'.
If a weak trigonal field is now introduced (W E~T), we have the situation described by Voillot et al. [11] . The (Fig. 2) . In paper I, we introduced a non-linear coupling in order to lift the accidental A, A2 degeneracy, so that the two lines I and J exist. Rather than introducing a non-linear effect in the E 8&#x3E; G system, it is more logical to take into account the off diagonal coupling between the two set of vibronic wavefunctions (E 0 G and A, I 0 E) via the Hamiltonian :
Such a model gives a good description of the I and J level with I V' 1/1 V I f"toJ 0.2. Fig. 3 ).
We have interpreted the spin Hamiltonian parameters and the main conclusions of our calculations (as yet unpublished) are : -the d and /~ terms come from the first order spin-spin interaction and from the second order spin-orbit interaction with the 5E* excited state, -the J.l2 term mainly comes from the first order spin-spin interaction while the spin-orbit interaction with the I level, also contributes weakly, -the spin-spin constant p and spin-orbit constant (ÀT2) are weaker than those used by Vallin and Watkins from Cr2 + in II-VI compounds [20] .
The fact that the spin Hamiltonian does not depend on the strength of the trigonal field (except a weak contribution to the 92 term) and that the first order spin-orbit coupling is almost quenched, explains why the overall splitting of the Cr2 + and of Cr2 +-X ground states is the same. This fact has led Voillot et al. (see Fig. 2 of [11] ) to think that the difference between the two centres was only a weak trigonal field which induced a dynamic Jahn-Teller effect near the static limit.
The transition probabilities can be interpreted by taking ÀGz Sz as the Hamiltonian for the 5E excited state. This is the Hamiltonian deduced from Zeeman experiments by Eaves et al. [9] and agrees with our model (see Fig. 9 in paper I) . In that case, the transition probabilities are accounted for by the ~i term alone (the dominant term), and the intensities of the At, A2, A6 and A7 lines [14] are predicted to be equal. The same is true for the lines B~, B2, B6 and B7. The A4 and A5 lines are forbidden. The polarization of the A3 and A4 lines is a, whereas it is 7r for the other ones. The electric dipole operators associated with the two polarizations belong to the different representations ofC3v. So, the ratio between the intensities of A1 (A2, A6, A7) and A3 cannot be known a priori. Theoretically it should be equal to one half for a weak trigonal field.
As the experimental ratio is close to 1/7, the trigonal field has to be strong. The [7, 9] [21] . 6 . Strength of the trigonal field. -Voillot et al. [11] [12] [13] used our model, but with the important difference that they supposed the trigonal field weak enough to be quenched in the ground state. However, we believe that all experimental facts cannot be explained if the trigonal field is weak. The most important one is that the ground state is observed to be sE. This is a result of Zeeman experiments [8] [9] [10] due to the number of levels observed in the zero field splitting [14] , and also because of the occurrence of the I and J vibronic lines. The reduction of the Jahn-Teller energy between Cr2 + and Cr2 +-X is only consistent with a strong trigonal field. The lowering of the ground state, relative to the band edges (~ 2013 100 meV) must also be explained by a non-negligible perturbation acting on the Cr~ ~ centre. The increase of the zero phonon energy ( + 19 meV) together with the lowering of the Jahn-Teller coupling also indicates strong perturbation. Skolnick et al. [22] proposed that the next neighbour defect X could be an arsenic vacancy; the other possibility that would explain the fact that the line position is independent of the dominant donor species would be oxygen. In both cases, the trigonal field is expected to be even stronger than our assumption in paper I (900 cm -1). We have also shown that the trigonal field has to be strong enough, otherwise some features cannot be interpreted such as the occurrence of the I and J lines, and the reduction of the JahnTeller effect from isolated Cr2 + to Cr2 +-X. Finally, we have given the parameters we obtained for the best fit of the zero field fine structure.
